account of the spread of milk bottle opening by British tits. Fisher and Hinde collected reports on the spread of milk bottle opening in Britain from the 1920s to the 1940s and concluded that the behaviour was socially transmitted. They were cautious, though, about attributing the spread of milk bottle opening to learning by observation. In black-capped chickadees -closely related North American members of the chickadee and tit family -exposure of naïve birds to milk bottles opened by milk bottle robbers is as effective in promoting milk bottle opening by naïve birds as is observing a demonstration of milk bottle opening by another bird [9] . In both bumble bees and birds, changes to the environment brought about by novel behaviour are as effective a means of social transmission as observational learning and may require less complex cognitive processing on the part of naïve animals.
Social transmission of flower robbing among bumble bees suggests that once the behaviour occurs in a population of bees it can quickly become widespread. What are the consequences of nectar robbing for insect pollinated plants? Remarkably, nectar robbing may not be all bad [1] . Nectar robbers can acquire pollen and transfer it between flowers just like legitimate pollinators. The reduction in available nectar caused by robbing can result in longer flight distances between flowers by legitimate pollinators, promoting outcrossing. Robbing can cause shorter visits by legitimate pollinators and a reduction in pollen transfer, but this may be balanced by fewer visits to flowers within the same inflorescence and also promoting outcrossing.
The potential for social transmission of novel behaviour in pollinators opens many promising avenues of research about the plasticity of invertebrate behaviour, the consequences of sociality, and the complex web of interactions between plants and their pollinators. Evolutionary Genetics: Changed Sex Determination in Honeybees
In several insects and fish, and probably some mammals, the gene controling the male-female switch has changed during evolution. It now seems that this has also happened in honeybees, where the sex-determining gene has now been shown to be a duplicate of another Hymenopteran sex-determining gene.
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Sex-determining pathways seem to be particularly malleable during evolution -the gene that gives the earliest sex-determining signal to the developmental system can change [1, 2] , while downstream parts of the pathway are retained. This was first noticed when genes involved in the Drosophila male-female developmental switch were compared with those in other Dipteran species [1, 3, 4] . These inferences have been confirmed by recent functional studies [3, 5, 6] . Changes have also occurred in fish with genetic sex determination.
In the medaka, Oryzia latipes, sex determination involves a male-specific region on linkage group 1 that only recently gained this function [7] . The O. latipes sex-determining gene, DmrtY, was duplicated in this species to this region from another chromosome (linkage group 9), which is not the sex chromosome of related Oryzia species -their sex-linked markers map among markers on O. latipes autosomal linkage groups 10 and 12, and their functional Dmrt genes are not linked to sex-linked markers [7, 8] . Some mammals have also probably undergone such evolutionary changes [9] . In humans and mice, the gene for the testis determining factor, called SRY in humans, is the earliest 'switch' for the pathway, but some rodents seem to have no SRY. Now it seems that honeybees and their close relatives have also replaced one sex determining gene by another [10] . Like other Hymenopteran insects, honeybees have a haplo-diploid sex determining system (reviewed in [11] ). Females can lay fertilised eggs, which generally develop as females, or unfertilised ones, which develop as haploid males. In honeybees and several other species, the signal to switch the developmental system to male or female involves a sex-determining locus -the 'complementary sex determination' (csd) locus. The csd locus is highly polymorphic, with around a dozen different alleles, presumably at intermediate frequencies in populations, so that most diploid zygotes are heterozygous. Haploid zygotes are, of course, never heterozygotes, so that heterozygosity for different alleles can serve as a signal to control the developmental difference. When a queen bee mates with a male carrying either of her two csd alleles, homozygous progeny will be produced. These develop as males -because two different alleles are not present -but do not survive to maturity (reviewed in [11] ). This is an unusual case when heterozygote advantage can maintain a multi-allele polymorphism because all homozygotes have zero fitness. It has long been known that the sex-determination system differs in the wasp Nasonia vitripennis (reviewed in [11] , though the mechanism in this species is still not known).
The honeybee genome sequence revealed that the csd gene is a fairly recent duplicate in these bees of another nearby gene, fem, located 12 kilobases away from csd [10, 12] . The very high DNA sequence polymorphism initially claimed for the honeybee csd gene is partly due to inclusion of fem alleles, whose sequences are distinct from those of all csd alleles -synonymous site divergence is 17%, and non-synonymous site divergence is almost as high, 14.5% [12] . Nevertheless, csd sequences (type I of [13] ) are highly variable, with diversity at synonymous sites exceeding 4%, and the extraordinarily high non-synonymous site diversity value of 2.5% [12] . This is consistent with heterozygote advantage maintaining multiple alleles for long evolutionary times.
Honeybees' close relatives share the duplication, but, surprisingly, they do not evidently share any csd alleles [12] -this contrasts with the alleles that determine plant self-incompatibility [14] or MHC alleles in related species (Figure 1) . The three bee species studied, Apis mellifera, A. cerana and A. dorsata, are estimated to have diverged in the last 10 million years -the synonymous site divergence estimates (based on fem, and another gene) are 10% and 13% for A. mellifera versus A. cerana and A. dorsata, respectively. It is unexpected to find shared variants in species separated by such long evolutionary times, except if balancing selection maintains variation, for example through heterozygote advantage [15] . In these honeybees, some synonymous and many non-synonymous variants were found in more than one of the species, though many variants have also accumulated in the sequences of each individual species, obscuring any signal of sharing [12] (Figure 2) . Sharing of variants supports the balancing selection hypothesis, particularly as it is clear from the few alleles surveyed that the fem locus has low variability (making it unlikely that these species have huge population sizes that could permit genome-wide extremely high sequence diversity, with variants pre-dating the species split).
The new paper of Hasselmann et al. [10] now shows that the csd gene is probably a changed fem gene, as other non-Apis Hymenopteran species studied, including a bumblebee (Bombus species), a stingless bee (Melipona) and the wasp N. vitripennis, have only the fem gene, and the new study shows that fem is also involved in sex determination [10] , apparently controlling the female-male switch, through expression of alternative RNA transcripts (reminiscent of Drosophila sex determination [3, 16] ).
The duplication that created csd occurred between 10 and 70 million years ago, after the honeybee species split from other bees, but before they split from one another, so its absence probably does not represent loss in the other species. The master sex-determining signals in non-honeybee species are not known, but it seems that, as in the Diptera, an 'old' sex determination gene (fem) has been left unchanged, and a new one (csd) added earlier in the pathway in honeybees. Hymenoptera are probably the outgroup to other insect taxa [5, 6] , but sex determination might have Figure 1 . Sharing of alleles in related species. (A) A plant self-incompatibility locus (note the Petunia and Lycium sequences mingled together) [18] . (B) Intron 2 of the MHC DQA gene in a mammal genus [19] , showing identical sequences (grey boxes) in different species (trans-specific or trans-generic sequences). (C) Sharing of the same alleles is not evident for csd of honeybees' close relatives (the three honeybee species' sequences are three distinct clusters). There are two likely reasons for this. First, the csd sequences are much longer than the self-incompatibility or MHC sequences, making identical sequences highly unlikely. Second, genetic recombination is evident in analyses of the bee sequences (minimum numbers of recombination events are high, and other analyses are consistent with recombination occurring [20] ). Thus, even if the three species share csd alleles with the same functional type, the sequences in each species may each have recombined with other alleles, and may not remain identical (Figure 2 ). Individual variants in the sequences should, however, still be shared, particularly close to the amino acids that determine the alleles' functional types. evolved independently in different insects, so csd may not be the ancestral system. It is also unclear whether the Nasonia or honeybee sex determining system is the older system in Hymenoptera.
One would expect the fem gene product, with its conserved function, to have maintained the same amino-acid sequence, while the csd product should show adaptive changes. A previous analysis found unexpectedly many non-synonymous substitutions soon after the duplication [13] . Using a Melipona fem sequence as an outgroup now shows clearly that the non-synonymous changes occurred largely in the csd sequence, before the split of the csd alleles, while the fem genes show the predicted lack of non-synonymous substitutions, relative to synonymous ones [12] .
It is still not known why sex-determining systems are so liable to change (while other developmental systems are conserved). We also do not understand why the changes seem to affect the master genes in these pathways. We cannot yet predict such patterns, and, although hypotheses to explain them have been developed, they are difficult to test [1, 2, 17] . It is still easier to get sequence data and analyze it than to answer these questions, or even to determine the functional types of csd alleles, let alone to find out how systems like csd evolved, but it is to be hoped that the interesting results from such studies will lead to funding to work on these unanswered questions. Figure 2 . A simplified example, with just two alleles, to show the predictions for sharing of polymorphisms between two species when balancing selection maintains different alleles at a locus. (A) The situation when there is no recombination within the gene. The sequence differences distinguishing alleles of type A 1 from ones of type A 2 in an ancestral population are shown as red or black horizontal bars, and the thick vertical lines indicates the amino acid variants that determine whether an allele is functionally type 1 or type 2. Both before and after the two species become isolated, neutral variants (thin lines on the lineages leading from the ancestral to the extant sequences, and on the diagrams of the gene) accumulate in the alleles, and variants in each allele type remain associated with the type in which they arose. The variant indicated with an asterisk occurred near the A 2 -specific amino acid before the species split, and is therefore shared by the A 2 alleles of both descendant species. If the A 1 and A 2 alleles stopped recombining long ago, divergence between them will be large throughout their sequences. (B) The situation when recombination occurs within the gene (indicated with X symbols). Apart from the A 1 -and A 2 -specific amino acids, and variants very close to them, variants can 'migrate' between the A 1 and A 2 alleles by recombination, generating multiple different sequences. Thus, we expect shared polymorphisms only in limited regions close to the A 1 -and A 2 -specific amino acids, and the average divergence between the A 1 and A 2 alleles, across the whole sequence, will be smaller than with no recombination.
